The normal nail unit has unique anatomical structures, which consist of proximal nail fold, nail matrix, nail bed, and hyponychium ( Figure 1 ). Beneath the nail matrix and nail bed, there exists specialized nail mesenchyme, referred to as onychodermis, 1 associated with attenuated subcutaneous fat. When comparing distances from the different areas of the nail unit to the phalangeal bone, it is the shortest from the nail matrix area. The traditional aggressive surgical approach to subungual melanoma has been due in part to this short matrixto-bone distance.
Subungual melanoma is a rare variant of melanoma, frequently misdiagnosed clinically and histopathologically in its early stages. 2 The delay in diagnosis often results in late-stage disease that is associated with poor prognosis, usually requiring amputation of the affected digit. 3, 4 Recently, there have been several reports of non-amputative conservative treatment for in situ or thin lesions of subungual melanoma. [5] [6] [7] Subungual melanoma usually originates from the nail matrix and may spread to the surrounding nail bed, hyponychium, and proximal nail fold ( Figure 1 ). 2, 8 Little is known about the progression pattern of subungual melanoma and the rate of dermal invasion in each area of the nail unit. Previously, Izumi et al 8 reported that in early subungual melanoma, proliferation of the atypical melanocytes was more prominent in the hyponychium than the nail bed or nail matrix. If dermal invasion occurs more frequently in the nail matrix, an area with the shortest distance to the bone within the nail unit, conservative treatment may not be appropriate for early stages of subungual melanoma. 9 In this retrospective investigation, the growth pattern, dermal invasion, and thickness of subungual melanoma in each area of the nail unit were analyzed to better understand the progression pattern of subungual melanoma with the aim of providing some basis for the different surgical approaches.
Material and methods
After receiving approval from the institutional review board, 56 cases of subungual melanoma diagnosed at the Samsung Medical Center from 1997 to 2012 were identified and reviewed, which included histology slides, clinical records, and photographs of the cases. After the review of the histological sections, the cases that did not contain tissue samples from the nail matrix and nail bed were excluded. Finally, total 23 cases, which had tissue samples from each area of the nail unit (proximal nail fold, nail matrix, nail bed, and/or hyponychium), were selected for this study.
Clinical data about sex, age, onset time of disease, trauma history, site of primary lesion, clinical presentation, presence of distant metastasis, treatment, and prognosis were obtained from the electronic medical records and photographs.
When examining histological sections, the growth pattern and presence of dermal invasion of subungual melanoma in each area of the nail unit were noted. If there was dermal invasion in the proximal nail fold or hyponychium, the tumor thickness from the top of granular layer or the base of ulceration to deepest melanoma front was measured (Figure 4d ). In the nail matrix and nail bed, it was measured from the junction between epithelium and nail plate to deepest melanoma front. The frequency of dermal invasion in each area of the nail unit then was tabulated. When the presence of dermal invasion was difficult to determine, serial sections or immunohistochemical staining including HMB-45 (1:50 dilution; Dako, Carpinteria, CA, USA) and/or Melan-A (1:50 dilution; Dako) were performed to identify the dermal invasion. Amino-3-ethyl-9-carbozole was used as a chromogen for immunohistochemical staining.
Data were compared using t-test. Statistical analysis was performed with SPSS software version 19.0 (SPSS Inc.,Chicago, IL). All tests were assessed at a ¼ 0.05 significant level. Po0.05 is considered to be statistically significant. All values were rounded in the second decimal place.
Results

Clinical Features
Of the 23 cases of subungual melanoma, 9 (39%) cases were men and 14 (61%) were women. Mean age at the diagnosis was 56.5 years (28 to 82 years). Mean duration of the disease was 5.2 years (0.6 to 15 years). Six cases (26%) had a trauma history and 17 cases (74%) did not have a trauma history or history information was not available. Sixteen cases (70%) occurred on the fingers, whereas 7 cases (30%) occurred on the toes. Most common site was the thumb (10 cases, 43%), followed by the great toe (7 cases, 30%), the index finger (3 cases, 13%), the middle finger (2 cases, 9%), and the ring finger (1 case, 4%). Initial clinical presentation of the 20 cases, in which data were available, was longitudinal melanonychia. The clinical features of 23 cases of subungual melanoma are summarized in Table 1 .
Histopathological Findings of Each Part of the Nail Unit
Five cases (case 1-5) didn't show dermal invasion in any part of the nail unit (Figure 2 ), representing in situ lesions. Eighteen cases (case 6-23) showed dermal invasion in at least one area of the nail unit. Among the cases with dermal invasion, there were no cases that showed dermal invasion in the nail matrix area only. Four cases (case 6-9) showed dermal invasion in areas of the nail unit other than the nail matrix ( Figure 3 ). In 14 cases, dermal invasion involved the nail matrix (case 10-23) as well as one or more other areas of the nail unit ( Figure 4 ). Except case 17, all cases (n ¼ 13) with dermal invasion, which involved the nail matrix area, showed thinner tumor thickness in the nail matrix compared with other areas of the nail unit with dermal invasion. The mean tumor thickness of cases in which dermal invasion did not involve the matrix was 2.2 ± 2.0 mm (case 6-9) whereas cases in which dermal invasion involved the matrix was 2.9 ± 2.3 mm (cases 10-23). However, this difference of the tumor thickness was not statistically significant (P40.05). Band-like proliferation of atypical melanocytes (a stack of atypical melanocytes) in the nail matrix, especially within the distal region of the matrix, was observed in 70% (16/23) of the cases. Histopathological findings in each area of the nail unit, status of metastasis, treatment method, and duration of follow-up are summarized in Table 2 . Six cases (case 9, 19-23) with distant metastasis had ipsilateral axillary or inguinal lymph node metastasis.
Surgery and Prognosis of Subungual Melanoma
Three cases with melanoma in situ (case 2-4) and 2 cases with dermal invasion (case 10 and 16) underwent conservative surgery (excision of whole nail structures and free flap), whereas 17 cases underwent amputation. Case 14 did not receive any surgery. The mean follow-up period of the cases with the conservative surgery was 8.8 months and that of amputation was 32.4 months. There was no local recurrence after surgery. Only one patient (case 9) received palliative treatment and died of multiple distant metastases at 20 months after amputation.
Discussion
In nearly all cases, subungual melanoma arises from the nail matrix, although rarely it may arise from the nail bed theoretically from the residing quiescent melanocytes. 2, 10 When subungual melanoma originates from the nail matrix, linear pigmentation of the nail plate (longitudinal melanonychia) is the most common clinical presentation, accounting for up to 76% of the cases. 10 As the melanoma from the nail matrix spreads to other parts of the nail unit, pigmentation of the nail fold and/or the hyponychium (Hutchinson's sign) and nail dystrophy may be observed. 11 In this study, the majority of the cases (20/23) presented with longitudinal melanonychia, indicative of nail matrix being the site of origin. The clinical history was not available for the remaining three cases, but in each of these cases, melanoma involved the nail matrix as well as other areas of the nail unit, suggesting that the nail matrix was also their site of origin. When subungual melanoma originates from the nail bed, it typically presents as a non-pigmented subungual nodule usually Progression pattern of subungual melanoma accompanied by onycholysis. 10 As the subungual nodule may represent the thicker portion of melanoma that has originated from the matrix, the lack of involvement of the nail matrix requires histologic confirmation.
As the only significant predictor of prognosis, the thickness of melanoma is one of the most important staging criteria. 2, 3, 8, 12 Unlike the rest of the skin, the complex anatomy of the nail apparatus poses some challenges in determining the depth of subungual melanoma accurately, which may explain why there is no consensus on the method of determining the thickness of subungual melanoma. 2 Because the thickness of epidermis in each area of normal nail unit varies, dermal invasion may be overestimated depending on where the melanoma is measured. Furthermore, subungual melanomas are frequently associated with epidermal hyperplasia, 2,8 a factor that may also lead to overestimation of the actual dermal invasion. 2 Moreover, Breslow's method of assessing thickness of subungual melanomas may be inappropriate as, unlike other cutaneous sites, the granular layer in the nail matrix and nail bed is absent. Therefore, accurate and reproducible assessment of dermal invasion of subungual melanoma is limited by its unique anatomy. Finally, in the nail unit, not only the subcutaneous layer is scant or absent, but also the anatomic boundary between the papillary dermis and reticular dermis may not be discernible. For these reasons, accurate assessment of Clark level is also problematic in subungual melanoma. As thickness is an important prognostic predictor of subungual melanoma, standardized thickness measurement of subungual melanoma that takes into account the unique anatomic features of the nail unit is needed. Measuring from the highest point of the viable epithelium to the deepest melanoma front by dermatopathologists or pathologists who are familiar with the anatomy of the nail unit may offer an accurate and reproducible method of measurement. Alternatively, measuring from the dermoepithelial junction to the greatest depth of the melanoma may be considered. The latter method may offer the most accurate measurement of dermal invasion that accounts for the variable thickness of the epithelium in the nail unit.
Similar to other types of melanoma, subungual melanoma grows radially at early stages with dermal invasion occurring at more advanced stages. 2, 8, 13 In this study, although all cases seemed to originate from the nail matrix, there were no cases with dermal invasion that involved only the nail matrix and four cases with dermal invasion involved areas of the nail unit other than the nail matrix area. When dermal invasion occurred in the nail matrix as well as other areas of the nail unit, the tumor in other areas of the nail unit was thicker than that in the nail matrix area. In cases with dermal invasion that involved nail matrix as well as other parts of the nail unit, the mean thickness was greater compared with the cases with dermal invasion that did not involve the matrix. The difference between the two groups, however, was not statistically significant. Taken together, these findings suggest that dermal invasion in the nail matrix may occur in later stages of subungual melanoma progression than that in other parts of the nail unit. In addition, these results further support the recommendation of longitudinal incisional biopsy that includes all parts of the nail unit when subungual melanoma is strongly suspected clinically, as it would offer the most optimal method in evaluating dermal invasion and thickness of subungual melanoma accurately. The routine practice of sampling only the nail matrix area may underestimate the depth of the melanoma according to the findings of this study.
Nail matrix is a germinative and proliferative compartment for nail plate formation. 14, 15 The late tendency of dermal invasion in nail matrix area may be explained by the possibility that upward growth of nail matrix cells delays dermal invasion of subungual melanoma in the nail matrix. In the nail matrix, a2,a3, and b1 integrins are expressed not only in the basal layer but also in the suprabasal layers, unlike their expression just in the basal layer of the other parts of epithelium. 16 This different expression of adhesion molecules may result in intimate adhesion of melanocyte with surrounding keratinocyte, mediating the late dermal invasion of subungual melanoma in the nail matrix area.
Sixteen cases (70%) of our study showed stacking of atypical melanocytes in the suprabasal layers of the nail matrix, with the distal matrix displaying more pronounced stacking pattern compared with the proximal matrix. The melanocytes in the nail matrix were distributed throughout the basal layer and suprabasally in solitary units and small clusters. 16 Because there are many more active melanocytes (DOPA-positive) in the distal matrix than the proximal matrix, 17 longitudinal melanonychia and subungual melanoma are believed to originate more frequently in the distal matrix. The relative large number of active melanocytes in the distal matrix may account for the more prominent stacking of atypical melanocytes and the late tendency of dermal invasion of subungual melanoma in the nail matrix.
Amputation at the distal phalangeal joint is generally regarded as the surgical treatment of choice for subungual melanoma. 4 Recently, however, some authors have suggested a non-amputative conservative treatment of subungual melanoma to preserve the phalangeal bone for in situ or thin lesions of subungual melanoma. 5, 6, [18] [19] [20] Few publications provide Abbreviations: A&W, alive and well; NA, not available.
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Progression pattern of subungual melanoma evidence of safety and effectiveness of conservative treatment of early subungual melanoma, although several cases of recurrences after conservative treatment have been reported in the literature. 5, 6 Generally, deep margin of cutaneous melanoma is confined above the underlying subcutaneous tissue. [21] [22] [23] The dermis below the nail matrix is thin with minimal to absent subdermal fat. 9, 15 Because subungual melanoma usually originates from the matrix where dermis is thin and in close proximity to the underlying bone, a surgeon may have concerns about conservative surgery for early subungual melanoma. 9 The relative resistance to dermal invasion within the nail matrix observed in this study, however, provides some support for non-amputative conservative surgery in early subungual melanoma. The limitations of this study include the relatively small sample size and the short follow-up period, which was not sufficient to compare the safety of conservative surgery with amputation. This study, however, is unique in that only those cases that had histological sections from the different areas of the nail unit were included, which allowed for comparing dermal invasion pattern of the different areas.
In conclusion, the results of this study suggest that dermal invasion in the nail matrix occurs at later stages of subungual melanoma progression. Longitudinal incisional biopsy is necessary to accurately evaluate melanoma invasion, as variation in the thickness may be observed in the different areas of the nail unit. The progression pattern of subungual melanomas observed in this study lends support to non-amputative conservative surgery for cases of early subungual melanomas.
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